information to promote and maintain good health (Nutbeam, 1998 ). This state is a necessary element for communicating with health professionals and understanding, learning, and performing their instructions (Park & Hwang, 2014) . More than one half of older adults have a low level of health literacy (Kim & Lee, 2008) , which affects their health status, chronic disease management, and health care burden . Although many health literacy-related studies evaluating individuals who speak English and Spanish exist, few have evaluated individuals who speak Korean, which may be because the Korean alphabet ("Hangul") allows for pronunciation even if the speaker does not understand the word's meaning, making it difficult to notice the necessity of health literacyrelated research. Therefore, research regarding the health literacy of Korean older adults remains a relatively young field (Kim, Park, & Lee, 2014) .
Health literacy influences social, cognitive, and psychological determinants of knowledge, health beliefs, and self-efficacy. These factors influence health behaviors and biomarkers (Von Wagner, Steptoe, Wolf, & Wardle, 2009 ). According to Fransen, von Wagner, and EssinkBot's (2012) causal pathway, health literacy is significantly and positively correlated with knowledge and self-efficacy. Moreover, knowledge, health beliefs, and self-efficacy significantly influence diabetes self-management and HbA1c levels (Fransen et al., 2012) . However, recent studies have mainly targeted individuals with diabetes who were not Asian and younger than 65 (Cavanaugh et al., 2009; Lorig, Holman, Sobel, Laurent, & Gonzalez, 2006; Wallace et al., 2009) , and it is unclear if their findings are relevant for Asian older adults (age >70 years) with diabetes. For example, older adults may have non-specific diabetic symptoms, and the blood glucose levels of communitydwelling Korean older adults may differ compared to those of non-Asian adults from community health centers and primary care clinics (Chang, 2010; Rosal et al., 2011; Rothman et al., 2004) . Moreover, most Korean older adults with diabetes do not perform appropriate diabetes self-management, such as regular blood glucose testing (Chang, 2010) .
Senior centers are places where older adults can access a variety of educational and leisure programs (Jeong et al., 2012) , and nurses in senior centers provide many programs to address the high demand for health education in this population (Song & Kim, 2006) . However, as there are no programs specifically developed for older adults, senior centers generally use public health programs designed for younger adults. Furthermore, Korean public health programs provide health-related educational materials that require the ability to read at or above the sixth-grade level, which is higher than the recommended level for this type of program (Chin & Choi, 2014) . Therefore, the current study aimed to develop and evaluate a health literacyconsidered diabetes self-management program among older adults in South Korea. The program was based on the causal pathway (Fransen et al., 2012) through which health literacy-considered diabetes self-management would be expected to influence diabetes self-management knowledge (DSK), diabetes health beliefs (DHB), and diabetes self-efficacy (DSE), which would influence diabetes selfmanagement behavior (DSMB) and diabetes biomarkers. Thus, all strategies in the program were developed to complement older adults' health literacy and health-related characteristics. The effects of the program were compared to usual care using pre-post analysis, and it was hypothesized that the intervention group would experience improvements in DSK, DHB, DSE, DSMB, and diabetes biomarkers (i.e., HbA1c, blood pressure, and serum lipids level).
METHOD Design and Sample
The current randomized controlled trial was conducted between July 6, 2015 and December 28, 2015. The intervention group completed the health literacy-considered diabetes self-management program and the control group received usual care (i.e., a standard lecture series). The study's protocol was approved by the governing institutional review boards in South Korea.
Participants were recruited through bulletin announcements at two senior centers (D and G) in a single South Korean city. The two senior centers were the largest centers in the D and G districts, which are close to each other and have similar living standards. The D senior center has approximately 16,000 registered users, and the G senior center has approximately 20,000 registered users, with approximately 1,000 active users each day. Inclusion criteria were adults 65 and older, diagnosed with type 2 diabetes, and receiving medication for ≥6 months. Exclusion criteria were individuals with severe communication problems (e.g., difficulty reading or communicating when using eyeglasses, a magnifying glass, or a hearing aid) and dementia, based on a score <24 on the Korean Version of the Mini-Mental State Examination (MMSE-K; Park & Kwon, 1989) . Eligible individuals were included if they provided written informed consent after receiving an explanation regarding the study's purpose, procedure, duration, benefits, and risks.
The required sample size was calculated using G*Power 3.1.7 (Faul, Erdfelder, Buchner, & Lang, 2009 ). The significance level (alpha) was 0.05 and the test power (1-β) was 0.8 based on the sizing for similar behavioral research in nursing. The effect size was 0.81 based on a previous meta-analysis (Tshiananga et al., 2011) . Thus, the required number of participants was 25 for each group, and 28 participants were assigned to the intervention group and control group to account for potential dropouts. A total of 51 participants completed the study, which provided an effect size of 0.89.
Randomization and Blinding
Participants were randomized using a randomization program (access http://www.randomization.com) by an independent researcher who did not have contact with participants. Participants and researchers were blinded to participants' assignments, data, physical examination results, and blood test results.
Intervention
Both groups completed 12-week programs according to their assignment (26 participants in the intervention group and 25 participants in the control group). However, to account for any dissemination of the program, the control group completed the program before the intervention group began the program. Before the intervention program was implemented, a professor of gerontological nursing (M.S.) and a diabetes specialist evaluated the program and its workbook.
Health Literacy Program
Participants in the intervention group were invited to attend weekly 1-hour sessions for 12 consecutive weeks to learn about how to manage diabetes. This program was designed based on older adults' health literacy and their health-related characteristics to target improvements in DSK, DHB, and DSE that would lead to improvements in DSMB and diabetes biomarkers. Health literacy differs from reading literacy, and represents the cognitive and social skills that control an individual's motivation and ability to access, understand, and use information to promote and maintain good health (Nutbeam, 1998) .
To improve DSK, the program was drafted based on seven self-care behaviors (i.e., health status, problem solving, healthy eating, being active, medications, reducing risks, and healthy coping) from Tomky et al. (2008) and the health-related characteristics of older adults (Table A, available in the online version of this article). The program included a workbook with self-management checklists and worksheets for the 12 weekly sessions, as well as secondary materials. The workbook was based on the Korean version of the Suitability Assessment of Materials, which evaluates individuals with low health literacy using six categories (Sung, Lee, & Park, 2004) (Table B , available in the online version of this article). Secondary materials included a blood glucose meter, which measured and automatically transmitted results to a website; a rice bowl with three divisions per 100 calories; and a TheraBand® (i.e., resistance band). The program was delivered using clear communication strategies (Kripalani & Weiss, 2006) and teach-back methods (Schillinger et al., 2003) . Clear communication was facilitated by measuring participants' health literacy level, translating medical terms into common words, and using "help" boxes in the workbook for important medical terms (Ntiri & Stewart, 2009 ). Time and number of repetitions were determined based on participants' health literacy and skills (Ntiri & Stewart, 2009 ). The teach-back method was implemented using a hypothetical individual with recently diagnosed diabetes, which allowed participants to express what they learned in their own language to avoid feeling like they were being tested.
To improve DHB, all participants received their blood test results and were educated regarding diabetes risk factors to motivate self-management. The benefits of selfmanagement and tips for overcoming barriers were also discussed.
To improve DSE, goal-setting strategies were used to evaluate performances (Lorig et al., 2006) . Group interventions were performed for vicarious experiences, and each participant received personalized telephone counseling (5 to 10 minutes/week). During the telephone counseling, the current authors reviewed the participant's blood glucose results, self-management checklists, and stress caused by self-management, and asked whether he/she achieved weekly goals and encouraged him/her to achieve desired DSMB.
Usual Care
Participants in the control group were invited to attend weekly 1-hour sessions for 12 consecutive weeks, although this intervention was only a general lecture regarding diabetes. The topic of the lecture was the same as the program, but it did not consider participants' health literacy and health-related characteristics, and did not use multiple strategies. Materials used in the lecture were based on the government website (access http://health.mw.go.kr) and public health center open sources that senior centers usually used.
Data Collection
Both groups' outcomes were evaluated using pre-post analyses, with DSMB and diabetes biomarkers as the primary outcomes. Posttest evaluations were performed immediately after the 12-week programs finished, and included surveys (i.e., sociodemographic characteristics, health literacy, and diabetes-related variables), a physical examination (with blood pressure testing), and blood testing (HbA1c and serum lipids). The surveys and physical examinations were performed by four trained thirdand fourth-year nursing students who helped participants complete the questionnaires. HbA1c levels were evaluated by an employee of the company that supplied the HbA1c analyzer, and nursing graduate students measured the serum lipids level. All participants fasted for 8 hours on the day before the blood samples were obtained, and were subsequently offered milk and boiled eggs.
Outcome Measures
Sociodemographic Characteristics. A survey was used to obtain information regarding age, sex, living status, income, education, and health status. Self-reported health status included the duration of diabetes, number of complications, MMSE-K score (Park & Kwon, 1989) , experience with diabetes education, and experience with hypoglycemia. The MMSE-K has 30 items, and each item is worth 1 point; scores <24 points indicate the presence of dementia (Park & Kwon, 1989) , and any individuals with dementia were excluded from the study.
Health Literacy. Health literacy levels were measured at the pretest evaluation using the self-administered 4-item Korean Health Literacy Assessment Tool , which was developed based on the Rapid Estimate of Adult Literacy in Medicine (Davis et al., 1993) . The instrument uses a 4-point Likert scale to examine the individual's understanding of 66 medical terms without experiencing the feeling of being tested. A score <44 points indicates an education below the sixth-grade level. The instrument has a Cronbach's alpha of 0.97 among community-dwelling older adults with diabetes (Park & Hwang, 2014) . Cronbach's alpha for the current study was 0.96.
Diabetes Self-Management Knowledge. The Diabetes Self-Management Knowledge for Older Adults (Song et al., 2013 ) was used to evaluate DSK. This instrument was developed for older adults with diabetes in senior centers, and 75% of the development populations were receiving oral treatments for diabetes. The instrument comprises 22 single-point items, and higher total scores reflect greater DSK. The construct and criterion validity have been verified with K-R 20 reliability (Cronbach's alpha = 0.54). Cronbach's alphas for the current study were 0.61 to 0.65.
Diabetes Health Belief. The Health Belief Scale for Diabetes (Park, 1985) was used to evaluate DHB. This instrument has 18 items that are evaluated using a 5-point Likert scale. The items evaluate susceptibility and severity (nine items, Cronbach's alpha = 0.76), barriers (four items, Cronbach's alpha = 0.65), and benefits (five items, Cronbach's alpha = 0.69) (Park, 1985) . In the current study, Cronbach's alphas were 0.82 to 0.85 for susceptibility and severity, 0.61 to 0.69 for barriers, and 0.69 to 0.82 for benefits.
Diabetes Management Self-Efficacy. The Diabetes Management Self-Efficacy Scale for Older Adults (Song et al., 2014 ) was used to evaluate DSE. This instrument has 17 items that evaluate being active (two items), healthy eating (two items), monitoring health status and problem solving for hypoglycemia (four items), problem solving for hyperglycemia (two items), medications and healthy coping (three items), and reducing risks (four items). Each item is evaluated using a 4-point Likert scale, and higher scores indicate better DSE. The construct and criterion validity have been verified, and Cronbach's alpha was 0.84. In the current study, Cronbach's alphas were 0.80 to 0.90.
Diabetes Self-Management Behaviors. The Korean version of the Summary of Diabetes Self-Care Activities Questionnaire (Chang & Song, 2009 ) was used to evaluate DSMB. This instrument has 17 items that evaluate diet (five items), exercise (two items), medication (three items), glucose monitoring (two items), and foot care (five items). The construct validity was verified, and Cronbach's alpha was 0.77 (Chang & Song, 2009 ). In the current study, Cronbach's alphas were 0.73 to 0.74.
Diabetes Biomarkers. Diabetes biomarkers were defined as HbA1c, blood pressure, and serum lipids. HbA1c levels reflect blood glucose management during the past 2 to 3 months; <7.5% is the normal standard for older adults with diabetes, but this standard varies according to individuals' health status (American Diabetes Association, 2016). Serum lipids included total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein, and triglycerides (TG). Serum levels of HbA1c and lipids were measured using portable analyzers (HbA1c: A1Care®; serum lipids: Cholestech LDX®). Based on the manufacturers' instructions, blood samples were collected from the fingertip using sample collectors (2.5 µL for HbA1c and 40 µL for serum lipids), which were subsequently inserted into the cartridge. The analyses take approximately 4 minutes for HbA1c levels and 7 minutes for serum lipids levels. An upper arm automatic blood pressure monitor (Omron T-M®) was used based on the manufacturer's instructions while participants sat comfortably in a chair with their arms in the horizontal position.
Data Analysis
All data were analyzed using SPSS® version 21. Sociodemographic characteristics were reported using n values and percentages or means and standard deviations. The pre-post analysis compared differences between groups using chi-square test or Fisher's exact test for categorical variables, and the independent t test or Mann-Whitney U test for continuous variables. For the pre-post analysis in each group for HbA1c levels, the paired t test and Wilcoxon test were used. Differences were considered statistically significant at a level of 0.05. There were no missing data, as most participants requested help from the nursing students to complete the surveys.
RESULTS

Program Participation
Sixty-three individuals were recruited, but seven were excluded based on exclusion criteria. Thus, 56 participants were randomly assigned to the groups, but five subsequently withdrew because of hospitalization (two in the intervention group and one in the control group), change of address (one in the control group), and personal issues (one in the control group). Therefore, data from 51 participants were analyzed (26 in the intervention group and 25 in the control group). The average participation rate was 85.7% for each session in the intervention group, and nine participants attended all 12 sessions. However, the participation rate was only 78.6% in the control group, and only five participants attended all 12 sessions. The number of withdrawals was greater in the control group. Participants in the intervention group indicated they were highly satisfied with the program (intervention group: mean [SD] = 3.8 [1.2] versus control group: mean [SD] = 3.7 [2.4] using a 4-point Likert scale).
Sociodemographic Characteristics
Mean participant age was 74.5 years (SD = 4.8 years). Participants had been diagnosed with diabetes for an average of 11.5 years (SD = 8.2 years), had an average of 1.5 complications (SD = 1.2 complications), and had an average MMSE-K score of 27.4 points (SD = 2 points). Approximately 57% of participants were women. The mean health literacy level was 46.2 points (SD = 15 points), and 43.13% of participants were below the sixth-grade health literacy level. Only 15.7% of participants had experience with diabetes education. There were no significant differences in the sociodemographic characteristics (Table 1) .
DSK, DHB, DSE, and DSMB
The pretest analysis did not reveal any significant differences between groups regarding DSK, DHB, DSE, and DSMB. The posttest analysis revealed significantly higher scores in the intervention group for DSK (p = 0.046), DSE (p = 0.046), and DSMB total score (p = 0.012) ( Table 2) . Among the DSMB subscales, the intervention group had a significantly higher self-monitoring of blood glucose (SMBG) score (p = 0.002, Mann-Whitney U test), although no inter-group differences in DHB were observed for susceptibility and severity (p = 0.989, t test), barriers (p = 0.556), and benefits (p = 0.079). There were also significant differences between groups in pre-post changes for the DHB benefit subscale (p = 0.043), DSE (p = 0.006), DSMB total (p = 0.008), DSMB diet (p = 0.029), and SMBG subscale (p < 0.001) ( Table 3 ). The effect sizes of the variables were 0.58 for DSK, 0.57 for DSE, and 0.73 for DSMB.
Diabetes Biomarkers
The pretest analysis did not reveal any significant intergroup differences in diabetes biomarkers. Furthermore, no significant differences were observed between groups in the posttest analysis for HbA1c levels (p = 0.287), systolic blood pressure level (p = 0.313), diastolic blood pressure level (p = 0.527), and serum lipids levels (p = 0.969) ( Table 2) . Moreover, there were no significant intergroup differences in pre-post changes for HbA1c levels (p = 0.821), systolic blood pressure levels (p = 0.057), diastolic blood pressure levels (p = 0.056), and serum lipids levels (p = 0.269) ( Table 3) . Nevertheless, the intervention group had significantly improved HbA1c levels in the pre-post analysis (p = 0.008, paired t test), although no significant difference was observed in the control group (p = 0.051, Wilcoxon test).
DISCUSSION
Senior centers have generally used diabetes selfmanagement programs that were developed for relatively young adults, whereas the current study evaluated a program that was customized based on the characteristics and health literacy of older adults. In addition, a workbook and educational materials were developed that decreased the reliance on the communication skills of the educator(s). The program generated significant inter-group differences at the posttest analysis for DSK, DSE, and DSMB, as well as in pre-post changes for the DHB benefit subscale, DSE, DSMB total, DSMB diet, and SMBG subscale. Participants also reported being highly satisfied with the program.
The intervention group had a significantly higher DSK score than the control group in the posttest analysis, although most participants did not have previous diabetes education experience and both groups had relatively high DSK score changes. Moreover, the health literacy score of the intervention group (mean [SD] = 44.4 [17] ) was lower than that of the control group (mean [SD] = 48 [12.6]), and a significant inter-group difference was observed in posttest DSK. This finding is because of health literacy-considered need assessment, material development, and multiple strategies, which corresponds well with a previous study (Rothman et al., 2004 ) that used mixed strategies: teach-back methods, concrete and simplified education, and goal setting strategies. A systematic review also revealed that interventions using mixed strategies were more effective than single-strategy interventions . In addition, the effect size of the DSK score (0.58) from the current study was higher than that from a similar study (0.33), which was based on social cognitive theory and considered health literacy and culture (Rosal et al., 2011) . Therefore, the current program appears to be effective for improving DSK scores. In DHB, previous research has revealed that only DSK indirectly affected DHB, which subsequently improved DSMB (Osborn, Bains, & Egede, 2010) . Few previous studies have evaluated the relationship between health literacy and DHB, but a significant difference was observed in the current study in the benefit subscale score between the intervention (0.28) and control (-0.08) groups. This result indicates that participants recognized the benefit of diabetes self-management. However, the posttest analysis did not reveal any significant differences in the DHB score, although it can be difficult to modify lifetime-based DHB during a short period, which could indicate that a longterm intervention is required to change DHB.
The intervention group had a significantly higher DSE score compared to the control group, and significant inter-group differences were detected in pre-post changes because participants were given many opportunities to practice in everyday life and experience the effectiveness of self-management. Similar results were observed in a study of a telephone consulting program for patients with diabetes and low health literacy, which was based on the self-efficacy theory (Schillinger, Handley, Wang, & Hammer, 2009) . Moreover, the effect size from the previous study (0.41) was noticeably lower than that in the current study (0.57), which indicates that the current program was more effective in improving DSE. The current study also revealed significant differences in the DSMB posttest and pre-post change results, with better values observed in the intervention group. Similar findings were reported by Wallace et al. (2009) , who evaluated an adult health literacy-appropriate program that involved goal setting, problem solving, and short consultations for adult patients with diabetes. Furthermore, the current study revealed significantly greater pre-post changes for diet and the SMBG subscale in the intervention group. In a previous study (Fisher, Kohut, Schachner, & Stenger, 2011) , older adults with diabetes experienced more SMBG-related barriers, such as lack of knowledge, skills, money, and blurred vision. Although regular SMBG is required to manage diabetes, many older adults only check their blood glucose levels when they visit a hospital. Moreover, in South Korea, only 8.9% of patients with diabetes receive insulin-based treatment, which is highly correlated with SMBG (Korean Diabetes Association, 2016) . In contrast, 28.7% of American patients with diabetes receive insulin-based treatment (American Diabetes Association, 2015) . Through practice and telephone consultations in the program, the current study attempted to overcome knowledge, skills, and health status barriers. In addition, an autotransmitting blood glucose meter and related products were provided at no cost. Moreover, the blood glucose meter showed changes instantly, which allowed participants to more actively control their diet. The health literacy-considered program also provided simple instructions for diet control.
No significant differences were observed in the values for HbA1c, systolic and diastolic blood pressure, and serum lipids. The absence of these differences is likely related to participants having approximately the recommended values for HbA1c, blood pressure, and serum lipids (HbA1c: <7.5%, blood pressure: <140/90 mmHg, HDL: ≥40 mg/dL for men and ≥50 mg/dL for women, and TG: ≤150 mg/dL) (American Diabetes Association, 2016). Similar results have been reported by Schillinger et Rosal et al. (2011) , who did not detect any significant differences because mean systolic and diastolic blood pressure, HDL, and TG levels were already within the recommended ranges. It is also possible that the control group performed sufficient self-management based on the usual care they received. For example, a previous study did not detect any significant differences between groups because both experienced improvements (Rosal et al., 2011) . Finally, it is possible that the study's duration was insufficient to achieve significant changes in the measured biomarkers (especially HbA1c levels) through only weekly self-management sessions. Nevertheless, significant prepost improvement was detected in the intervention group's HbA1c levels. Therefore, the current results indicate that the health literacy program improved participants' DSK, DHB subscale, DSE, and DSMB values, but had limited ability to alter their diabetes biomarkers during the study's duration.
LIMITATIONS
The current study has several limitations. First, participants were only selected from two senior centers, which is associated with a risk of selection bias. Second, the sample was small. Third, use of self-reported data is associated 
IMPLICATIONS FOR CLINICAL PRACTICE
The current study revealed that the program could improve participants' DSK, DSE, and DSMB values, and that participants were highly satisfied with the program. As the study considered the health literacy and health-related characteristics of older adults, the program may be useful for health care providers who work with older adults, such as nurses who work in senior centers. Thus, nurses may be able to use this program to improve their nursing practice as well as the health of their patients. Nevertheless, further studies with larger sample sizes and longer follow up are needed to validate the findings. It may also be useful to consider health literacy programs for other chronic diseases.
CONCLUSION
Health literacy can help determine individuals' health status, facilitate decision making, and improve implementation of self-management programs. However, diabetes self-management research regarding healthy literacy remains a relatively young field in Korea, and few Korean studies exist evaluating this issue among older adults. Although the underlying mechanisms require further research, the current study revealed that the program was effective in improving participants' DSK, DSE, and DSMB, which may be useful for improving HbA1c levels. 
